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Rhus verniciflua Stokes (RV) has traditionally been used as a food supplement and a traditional herbal medicine for centuries in
Korea. Recent studies suggest that RV has potent antioxidative, antitumor, and anti-inflammatory properties. In this study, the
anti-inflammatory effects of RV from mice sensitized with 2,4-dinitrofluorobenzene (DNFB) and activated macrophages were
investigated. The results showed that RV reduced ear swelling and hyperplasia of ear tissue as well as an increase in vascular
permeability, which are characteristics of allergic contact dermatitis (ACD) with evident histomorphological changes in epidermis
and dermis. Decreased numbers of infiltrated mast cells were seen in RV extract treated group, using toluidine blue staining.
RV extract significantly regulates the expression of inducible nitric oxide synthase (iNOS) at the translational level in activated
macrophages. Furthermore, RV extract and its active compound, fisetin, attenuated the level of tumor necrosis factor-oc (TNF-o)
and interleukin 6 (IL-6) mRNA in LPS-stimulated macrophages. Anti-ACD effect of RV extract may be due to the suppression
of iNOS and proinflammatory cytokines which might be mediated via the NFxB signaling pathways. Collectively, RV extract has

potential for alleviating ACD-like symptoms induced by DNFB in the mouse.

1. Introduction

Allergic contact dermatitis (ACD) is a highly prevalent skin
inflammatory disease and is characterized by allergic signs
and symptoms of the skin, such as redness, edema, warmth,
and pruritus, accompanied with scaling and dryness [1]. ACD
has two distinct phases, that is, sensitization and challenge
phases. The sensitization phase results in the induction of
hapten-specific CD8" and CD4" T cells and is considered
to have no clinical consequences. The challenge phase of
CD occurs when sensitized individual is exposed to the
same hapten, which recruits effector T cells and triggers the
inflammatory process [2]. Study of the pathophysiology of
ACD is derived mainly from animal models in which the
skin inflammation is caused by repeated topical application to
the haptens. Among these haptens, 2,4-dinitrofluorobenzene

(DNEFB) is known to mediate allergic contact dermatitis by
CD8" cytotoxic T cells and mast cells and thus is used to
produce skin contact hypersensitivity in mice models [3].
Repeated topical application of DNFB triggers a hypersen-
sitive reaction and induces a shift in the cutaneous cytokine
milieu from a Thl to a Th2 profile [4, 5], augmenting immune
cell recruitment, or allergic inflammation. Macrophages are
a major subpopulation of cells in the murine dermis, and
it has been well documented that RAW264.7 cells respond
to DNFB [6]. Numerous lines of evidence describe that
activated macrophages play a crucial role in inflammatory
process through producing proinflammatory cytokines and
mediators.

Rhus verniciflua Stokes (RV) has been traditionally used
as medicine agents for antiviral, cathartic, diaphoretic, anti-
rheumatic, and sedative activities in East Asia [7]. Recently
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RV is reported to contain strong antioxidant, antitumor
properties and anti-inflammatory activities [8-10]. These
activities of RV are presumably due to the presence of
polyphenolic compounds as fisetin and quercetin [10, 11].
Recently, Rhus products have been commercialized due to a
national project of the Ministry of Agriculture and Forestry
of Korea, and it is required to detoxify Rhus poison such as
urushiol [12]. Based on this background, we investigated anti-
inflammatory activity of RV in which allergenic urushiol was
removed, using a mouse model of DNFB-induced allergic CD
and the mechanism involved.

2. Methods

2.1. Preparation of RV Extract. Bark of Rhus verniciflua
Stokes was provided by Ckadhc Jijangsu lab in Seoul, South
Korea, and was authenticated by The Korean Food & Drug
Administration (KFDA). The allergenic urushiol from the
RV was removed by previously described procedures [13].
The detoxification was verified by KFDA (no. 204074). A
voucher specimen (Kucaril401) was deposited at herbato-
rium of Konkuk University. Four hundred grams of RV
bark was crushed. The extract was then dried in an oven
at 65°C and ground. This powder was then boiled with
water at 100°C. This extract was filtered with Whatman
paper 4 (Whatman, Kent, UK), and the residual water
was removed by vacuum/dry evaporation. The yield was
6.993% (w/w) (Supplementary Figure 1 available online at
http://dx.doi.org/10.1155/2013/879696).

2.2. Experimental Animals. Six-week-old female C57BL6/N
mice (6-week-old) were purchased from Orient Bio (Eum-
sung, Korea). Mice were housed in a controlled barrier facility
at temperature (23 + 2°C), humidity (35-60%), and photope-
riod (12h light: 12h darkness cycle) were kept constantly.
Experiments were performed in accordance with the insti-
tutional guidelines (The Institutional Animal Care and Use
Committee (IACUC) at Konkuk University (Seoul, Korea)).
Also, all animal care was in accordance with standards set
seventh in the Guide for the Care and Use of Laboratory
Animals. The protocol kul0009 was approved by Konkuk
University Medical center IACUC for this study.

2.3. Induction of Allergic Contact Dermatitis (ACD) by 2, 4-
Dinitrofluorobenzene (DNFB). CD was induced by repeated
treatment of DNFB solution to each surface of right ear and
shaved abdomen in C57BL/6N mice (n = 5). 100 uL of
0.5% DNFB in acetone/olive oil (4 : 1. v/v) was painted on the
shaved abdomen skin on days 1, 2, 3, 5, and 7. After painting,
mice were challenged by 0.2% DNFB (25 L) painting to the
ear on day 9. Control mice were treated with acetone/olive oil
(4:1.v/v) in the absence of DNFB. RV (500 mg/kg) was orally
administrated once a day for eleven days.

2.4. Histological Study. The fixed ear tissue was embedded
in paraffin blocks and then sectioned at 5pm thickness.
Sections were stained with hematoxylin (BBC Biochemical,
Mount Vernon, Washington, USA) and eosin (Shimakyu’s
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Pure Chemicals, Osaka, Japan) (H&E) and then observed
using a light microscope. Digital photomicrographs were
taken from representative areas at a fixed magnification of
200x.

2.5. Measurement of the Ear Thickness. The thickness of
ear, stained with hematoxylin and eosin, was measured
using Axiovision image analysis 4.7 software (Carl Zeiss
Vision GmbH, Munich, Germany). Stained tissue images
were captured with the digital microscope camera and their
thickness was measured.

2.6. In Vivo Permeability Assay. A 1% solution of Evans blue
dye (Sigma-Aldrich) was injected into the tail vein of mice.
After one hour, mice were sacrificed. Evans blue dye was
then extracted from tissues in formamide (Sigma-Aldrich,
St. Louis, MO, USA) at 60°C overnight. After measurement
of optical density at 600 nm in a spectrophotometer, the
concentration of Evans blue dye (ng/mg) was calculated
based on a standard curve of known amounts of Evans blue
dye.

2.7. Toluidine Blue Stain. Sections were stained with toluidine
blue (Sigma-Aldrich, St. Louis, MO, USA) for mast cells. After
deparaffinization and hydration, sections were stained with
toluidine blue solution for 2-3 minutes and dehydrated in
alcohol and cleared in xylene. Sections were observed under
the light microscope, and the number of mast cells per field
of view (x400) was determined.

2.8. Immunohistochemistry. To assess NF-xB expression in
the ear tissues, the Immunocruz staining system kit (Santa
Cruz Biotechnology, California, USA) was used. 5 ym thick
tissue sections were deparaffinized with xylene and rehy-
drated with graded ethanol solutions. The sections were
incubated with a rabbit antibody against NF-xB p65 (Santa
cruz Biotechnology, CA, USA, 1:600) for 1 hour. After
washing, the sections were incubated with a biotinylated
secondary antibody for 30 min and an HRP-streptavidin
complex to detect secondary antibody for 30 min. The sec-
tions were developed by DAB chromogen kit (Vector lab-
oratories, Burlingame, California, USA). The sections were
counterstained with 1% methyl green for 1 min.

2.9. Cell Culture. RAW264.7 macrophages (TIB-71) cells
were obtained from the American Type Culture Collection
(Manassas, Virginia, USA) and cultured in DMEM (Invitro-
gen Co., Carlsbad, CA, USA) supplemented 1% penicillin and
10% FBS (Gibco BRL, Grand Island, NY, USA). Cells were
grown at 37°C with 5% CO, in a humidified incubator.

2.10. Cell Viability. The viability of RAW264.7 cells was
determined by the EZ-CyTox kit (Daelillab Service CO,
Korea) as described previously [14]. RAW264.7 cells (2 x
10* cells/well) were plated on a 96-well plate and incubated
in the presence or absence of RV extracts at concentrations
of 25, 50, 100, and 200 pug/mL for 24 h, respectively. A fixed
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FIGURE 1: Scheme of the experimental design.

amount (10 L) of EZ-CyTox reagent was added to each well.
After incubation for 2h at 37°C, absorbance at 450 nm was
detected by using an ELISA Multi-Detection Reader (Tecan,
Mannedorf, Switzerland).

2.11. Measurement of NO. Nitrite concentrations, an indica-
tor of NO production, in RAW264.7 cell culture media were
measured as described previously.

2.12. Immunoblot Analysis. Immunoblotting analysis was
performed as described previously [14, 15]. Total protein
(20 pg) was separated from each sample by electrophoresis on
a12% SDS-PAGE polyacrylamide gel and electrophoretically
transferred onto polyvinylidene fluoride membranes (PVDF)
(Bio-Rad Laboratories, Berkeley, California). The membranes
were incubated with 5% skim milk solution followed by
incubation with primary antibody. The membranes were
washed in a Ix PBS-T buffer and incubated with HRP-
conjugated secondary antibodies (Santa Cruz, CA, USA,
1:5,000) for 1-2 h. The immunoreactive bands were detected
using the enhanced chemiluminescence Western blotting
detection system (Biosesing, Seoul, Korea) (iNOS, S-Actin,
Lamin B, NF«B p65 (Santa Cruz Biotechnology, CA, USA),

COX2, and IxBa (Cell Signaling Technology Inc., Danvers,
MA, USA)).

2.13. RNA Extraction, cDNA Synthesis, and Real-Time Poly-
merase Chain Reaction (Real-Time PCR). Total RNA of
RAW264.7 cells was extracted using a total RNA isolation
kit (Macherey-Nagel GmbH & Co., Diiren, Germany). Total
RNA was converted to cDNA using a cDNA synthesis kit (Fer-
mentas, St. Leon-Roth, Germany). Amplification reactions
were carried out in a total volume (20 L) of 10 4L containing
2x SYBR Green PCR Master Mix, 2uL 10x QuantiTect
Primer Assay (Qiagen, Valencia, CA, USA), 100 ng cDNA
and 6 uL. RNase-free water. Real-time PCR was performed
using an ABI500 thermal cycler (Applied Biosystems, Foster
City, CA, USA). Data were normalized for the amount of
glyceraldehydes-3-phosphate dehydrogenase mRNA. Levels
of iNOS, IL-6, and TNF-& mRNAs mRNAs were measured
by AAC; value real-time PCR. Specific primer sets for iNOS
(QT00100275), IL-6(QT00098875), TNF-a« QT00104006),
and GAPDH (QT01658692) were designed using the Primer
Express program (Applied Biosystems, CA, USA).

2.14. HPLC Analysis. In order to analyze the compounds
in the extracts, high performance liquid chromatography
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FIGURE 2: Effect of RV extract on the ear swelling and vascular permeability in DNFB-induced allergic contact dermatitis mice. (a)
Representative photographs were shown. (b) The amount of extracted Evans blue dye from each ear was determined with a spectrophotometer
at OD 600 nm. Each value represents the mean + standard error (S.E.) of three independent experiments (n = 5 per group) (“P < 0.01 versus
DNEB). (c) Thickness of H&E stained ear tissue was measured with Axiovision image analysis 4.7 software. Data are expressed as mean +
standard error (S.E.) of three independent experiments (n = 5 per group) (*P < 0.001 versus control; *P < 0.001 versus DNFB).

(HPLC) experiments were carried out on an Agilent 1260
Infinity HPLC system (Santa Clara, CA, USA) with the
reversed phase column (Luna CI8, 250 x 4.6 mm, 5 ym diam-
eter, Phenomenex, Torrance, CA, USA). The flow rate and
injection volume were 1.2 mL/min and 5-20 uL, respectively.
The chromatograms were detected at 260 nm and collected at
30°C. Fisetin was purchased from Sigma-Aldrich (St. Louis,
MO, USA) and used without further purification. One mg of
adenosine was dissolved in 1 mL of 50% ethanol and filtrated
using 0.45 ym membrane filters. While the mobile phase for
the ethanol extract of RV was 8% aqueous methanol, that for
the fractions separated based on the hydrophobicity was 6%
aqueous methanol containing 0.1% KH,PO,.

2.15. Statistical Analysis. Results are expressed as mean +
SE. (n = 5 per group). Students t-test or one-way
ANOVA/Dunnett’s t-test was used for assessing significance
between control group and sample treated groups. Statistical
analysis was performed using SPSS, version 12 (SPSS Inc.,
Chicago, IL, USA).

3. Results

3.1. Effect of RV Extract on the Vascular Permeability and Ear
Swelling in DNFB-Induced Allergic Contact Dermatitis (ACD)
Mice. Accumulating studies have reported pharmacological

effects of RV extract. In order to explore a therapeutic role
of RV extract in skin inflammatory diseases in vivo, we
employed a mouse model of allergic contact dermatitis. To
assess the anti-ACD activity of RV extract, Evans blue was
administered intravenously (i.v.) to anaesthetized animals.
During all experiments, Evans blue was administered 1h
before the animals were sacrificed. Repeated topical applica-
tion of 2,4-dinitrofluorobenzene (DNFB) caused Evans blue
leakage in ears. Quantification of the extravasated Evans
blue dye in the ear tissue provides a degree of vascular
permeability changes, which reflects ear swelling [16]. Evans
blue leakage in the ear tissue was significantly decreased in
RV extract treated group, compared to DNFB-treated group
(P < 0.01) (Figures 1(a) and 1(b)). The ear thickness of the
RV treated group was 0.273 + 0.006 mm while that of DNFB-
treated group was 0.437 + 0.007 mm (P < 0.05) (Figure 1(c)).
Our data suggests that RV extract significantly reduces the
ACD symptoms.

3.2. Effects of RV Extract on Histopathological Changes of
Ear Tissues in DNFB-Induced Allergic Contact Dermatitis
Mice. DNFB-induced ACD caused severe inflammation in
ear tissues showing a typical dermatopathological appearance
of ACD, namely, hyperkeratosis, and spongiosis together
with marked edema in the epidermis and dermis associated
with a massive infiltration of inflammatory cells [17]. For
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FIGURE 3: Effects of RV extract on epidermal thickness and histopathological changes in DNFB-induced allergic contact dermatitis mice. (a)
Histological changes were determined by H&E staining. Scale bar = 100 #m. Original magnification, 200x. (b) Epidermal thickness of the
H&E stained ear tissue was measured using Axiovision image analysis 4.7 software. Data are expressed as mean =+ standard error (S.E.) of
three independent experiments (n = 5 per group) (*P < 0.001 versus control; *P < 0.05 versus DNFB).

histopathological analysis, we excised the ear on day 11 after
challenging with DNFB and stained it with hematoxylin-
eosin. The epidermis and dermis in the DNFB-treated mice
displayed strong edema, hyperplasia, and spongiosis as well
as an increase in the infiltration of inflammatory cells. A
notable reduction in inflammatory cells in epidermis and
dermis and hyperplasia was seen in RV extract treated
group (Figure 3(a)). The epidermis of the ear tissue from RV
extract treated group showed a 1.4-fold decrease in thickness
as compared to that of DNFB-treated group (Figure 3(b)).
Consistent with the decreased ear swelling, RV extract treated
group showed a reduced thickness in epidermal and dermal
ear tissues, compared to DNFB-treated group. This result
suggests that the reduction of epidermal tissue thickness
by RV extract may be associated with its anti-inflammatory
activity.

3.3. Effect of RV Extracts on Mast Cell Infiltration in DNFB-
Induced Allergic Contact Dermatitis Mice. Mast cells are one
of the major infiltrated inflammatory cells in the skin area

of allergic contact dermatitis (ACD) patients. These cells are
activated by allergen sensitized IgE through their cell surface
high-affinity IgE receptor, subsequently secreting granular
mediators, such as prostaglandin, leukotrienes, and various
proinflammatory cytokines [18]. Thereby, we assessed the
effect of RV extract on the infiltration and degranulation of
mast cells, using toluidine blue staining. The numbers of infil-
trating and degranulated mast cells were significantly reduced
in the upper dermis of RV extract treated group when
compared to that of the DNFB-treated group (Figure 4).

3.4. Effects of RV Extract on NO and iNOS in LPS-Treated
RAW264.7 Cells. Macrophages, a subpopulation of cells in
the dermis, are a useful therapeutic target for ACD [19].
It is reported that ACD significantly induces the levels
of proinflammatory mediators, such as NO in monocytes
and macrophages. LPS induces RAW 264.7 cell activa-
tion with a change in morphology during inflammatory
responses [20]. Since RV extract reduced the symptoms
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FIGURE 4: Effect of RV extract on the mast cell infiltration in DNFB-induced allergic contact dermatitis mice. (a) Toluidine blue-stained ear
sections. White arrowhead and black arrowhead indicate granulated mast cells and degranulated mast cells, respectively. Scale bar = 50 ym
(top panel); scale bar = 20 um (bottom panel). (b) Quantitative analysis of the number of mast cells. Numbers of mast cells are presented as
means + standard error (S.E.) of three independent experiments (n = 5 per group) (*P < 0.001 versus control; P < 0.01 versus DNFB).

of contact dermatitis (CD) in theanimal model, we fur-
ther investigated whether RV extract could suppress the
production of proinflammatory mediators such as nitrite
in LPS-stimulated RAW 264.7 macrophage cell line. The
results showed that LPS induced significant increases of NO
and iNOS production in RAW264.7 cells, compared with
the control (Figure5). RV extract attenuated NO release
and iNOS protein expression induced by LPS treatment
in a dose-dependent manner (Figure5). In addition, RV
extract did not influence cell viability as evaluated by CCK-
8 assay (Figure 5), indicating that its inhibitory effects were
unrelated to a direct cytotoxicity [21].

3.5. Effects of RV Extract on Proinflammatory Cytokines in
LPS-Treated RAW264.7 Cells. We tested whether RV treat-
ment could reduce TNF-« production upon LPS stimulation.
RV extract significantly decreased TNF-a mRNA levels,
compared to the control (Figure 6(a)). Together with TNEF-
a, interleukin (IL)-6 plays a pivotal role in skin inflammation
(e.g., contact dermatitis) and hypersensitivity response [22].
RV extract inhibited IL-6 mRNA compared to LPS alone
(P < 0.001) (Figure 6(b)). Collectively, these data indicate
that RV extract may have an anti-inflammatory effect through
inhibiting the productions of proinflammatory cytokines and
mediators.
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**P < 0.05, """ P < 0.001 versus LPS-stimulated control).
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FIGURE 7: Effects of RV extract on the Ix-B and NF-«B in LPS-stimulated RAW264.7 macrophages. (a, b) Cells were incubated for 30 min with
1 ug/mL of LPS in the absence or presence of RV extract. RV extract was added 1h before the incubation with LPS. The protein expression
of Ix-B and NF-«B was analyzed by Western blot analysis and quantified by densitometric analysis. (¢) The immunohistochemical analysis
was used to monitor the protein expression of NF«B in the ear sections. Scale bar = 50 ym. Original magnification, 400x. (A) Control, (B)
RV(-), (C) RV(+). Data are represented as mean + standard error (S.E.) of three independent experiments. One-way ANOVA was used for
comparisons of multiple group means followed by Dunnett’s ¢-test ("P < 0.001 versus control; *P < 0.01, **P < 0.05, ***P < 0.001 versus

LPS-stimulated control).

3.6. Effects of RV Extract on NF-xB Translocation. To further
elucidate the mechanism underlying the inhibitory effect of
RV extract on macrophage activation and ACD, we investi-
gated whether RV extract could influence the LPS-induced
activation of NF-xB, using western blot analysis. NF-«B acti-
vation is crucial for the inflammatory response in RAW264.7
cells. The hyperphosphorylation of IxB and its subsequent
degradation is an essential step in NF-«xB activation by
various stimuli [23]. Here, we separated the nuclear proteins
and cytosolic proteins. Equivalent proteins from nucleus
were used to evaluate whether the NF-«B translocation was
affected by RV and the cytosolic proteins were used to check
the degradation of IxB. We found that RV extract strongly
inhibited NF-«B p65 subunit translocation (Figure 7(a)) as
well as the IxB degradation (Figure 7(b)). In concert with the
inhibition of NF-xB p65 subunit translocation, RV extract
significantly reduced IxB-« phosphorylation. These findings
were supported by immunohistochemistry detection of the
intracellular NF-xB p65 subunit in the ear tissue of DNFB-
induced allergic contact dermatitis (Figure 7(c)). Low level
of NF-xB p65 was observed in the control and RV-extract
treated group, whereas there was a striking elevation in
immunoreactivity for NF«xB in the tissue of the DNFB-treated
mice. These data indicate that RV extract alleviates ACD and

macrophage activation through the suppression of NF-xB
function.

3.7 HPLC Analysis of Components in RV Extract and Its
Anti-Inflammatory Activity. Many studies demonstrate that
flavonoids such as fisetin and quercetin are the major active
components of RV, possessing anti-inflammatory activity
[8]. Among them, fisetin was analyzed in the RV extract,
whose urushiol was removed, by HPLC analysis. In the HPLC
experimental condition for the extract of RV, the authentic
fisetin was observed at the retention time of 18 min in its
chromatogram. The concentration of RV was prepared as
17.4 mg/mL (Figure 8(a)). Fisetin was observed from RV and
its concentration was 0.391%. Fisetin significantly reduced
the LPS-stimulated production of proinflammatory cytokine
mRNAs such as TNF-a and IL-6 as well as iNOS mRNAs in
LPS-stimulated RAW264.7 cells (Figure 8(b)).

4. Discussion

Currently, the best treatment for allergic contact dermatitis
(ACD) is to avoid the offending agents, such as eliminating
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the contact allergen. Topical treatments such as corticos-
teroids and phototherapy are used to alleviate this symptom
but their effects are temporary with undesirable side effects.
Recently, anti-inflammatory agents are considered to be
alternative treatment options for treating ACD. Increased
attention has been paid to medicinal plants with anti-
inflammatory due to their efficacy and safety. For instance,
RV has been traditionally used to treat inflammatory diseases
and gastrointestinal problems and to improve health condi-
tion in East Asia. Additionally, it is reported that RV has a
wide range of effects including antioxidant, antiproliferative
activity and anti-inflammatory effects [24]. However, some
literatures demonstrate that RV caused contact dermatitis due
to the presence of urushiol. Based on this background, we
examined the anti-inflammatory effects and its mechanism

)-

of actions of RV extract, in which allergenic urushiol was
removed, using an animal model of allergic contact dermatitis
(ACD), and RAW264.7 macrophage cells.

The repeated topical application of 2,4-dinitrofluoroben-
zene (DNFB) causes a contact hypersensitivity reaction. Sen-
sitization of dorsal skin with DNFB and subsequent challenge
of the ear resulted in ear swelling, hyperplasia, and increased
vascular permeability (as measured by the extravasation of
Evans blue dye) within 24 h. Oral administration of RV
reduced erythema and edema as well as decreased Evans
blue leakage (vascular permeability) that was induced by
DNFB (Figure 2). Furthermore, the inhibition of infiltration
of mast cells strongly suggests that RV is a promising
pharmacological candidate for skin disorders, such as ACD
or atopic dermatitis.
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To address its potential mechanism of anti-ACD action,
we performed in vitro cell culture studies by testing
whether RV extract could modulate the effector function
of macrophages. Macrophages gained attention as a useful
therapeutic target for contact allergies [19]. Nitrosative stress
from inducible-NOS-(iNOS-) derived NO contributes to the
progression and the pathogenesis of ACD [25]. We found
that RV extract significantly reduced the nitrite production
and inhibited the expression of inducible nitric oxide syn-
thase (iNOS) at protein levels in LPS-stimulated RAW264.7
cells (Figure 5). These results suggest that RV may suppress
macrophage activation, which can lead to allergic inflamma-
tion.

LPS treatment induced morphological changes and
significantly increased production of proinflammatory
cytokines, including TNF-« and IL-6 in RAW 267.4 cells
(Figure 6). TNF-a¢ plays a major role in inflammatory
and autoimmune disorders [20], that is produced mainly
by T cells and macrophages in response to a variety of
stimulations. Mouse defective in TNF-«a production shows
resistance to ACD [26]. IL-6 is a proinflammatory cytokine
that plays an important role in the acute phase response of
ACD [21-27]. These cytokines are important components of
innate and adaptive immunity that mediate activation and
trafficking of various immune cells in response to infection
or injury. RV inhibited LPS-induced production of TNF-«
and IL-6 mRNAs (Figure 6).

To elucidate the molecular mechanism underlying the
ability of RV to suppress ACD, we examined whether RV
might be associated with the inhibition of NF-«xB-dependent
inflammation, which are the main signaling pathways that
lead to the transcription of most of the proinflammatory
genes such as TNF-« and IL-6 [28, 29]. Our in vitro studies
suggested that NF-«B blockade by RV extract suppressed
the macrophage activation. In concert with in vitro studies,
RV extract attenuated NF-xB expression in the ear tissue
of DNFB-induced allergic contact dermatitis. These findings
implied that RV extract might attenuate many inflammatory
responses, including ACD by inhibiting the NF-«B transloca-
tion.

Many studies demonstrate that flavonoids, including
fisetin and quercetin, are the major active components
of RV [10]. HPLC analysis data suggest that RV extract
contains fisetin. It was reported that fisetin possessed anti-
inflammatory [10], anticancer [30], and antioxidative activ-
ities [31]. Fisetin is known to suppress the production of
tumor necrosis factor-a (TNF-«), IL-6, IL-8, and monocyte
chemotactic protein-1 (MCP-1) in a rheumatoid arthritis
model [32]. Consistent with previous reports, fisetin inhibited
the level of TNF-a and IL-6 mRNAs in LPS-stimulated
RAW264.7 cells (Figure 8). Anti-ACD activity of RV extract
might be due to the presence of fisetin. Currently, we are
studying the anti-ACD activity of fisetin (paper in prepara-
tion). However, we cannot rule out the possibility that other
bioactive compounds in RV extract contribute to its anti-
ACD activity.

In conclusion, we demonstrate that RV extract suppresses
ACD symptoms such as ear swelling, hyperplasia, and vascu-
lar permeability in the ear tissue after exposure to the contact
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allergen DNFB. RV inhibited the production of proinflam-
matory mediators and proinflammatory cytokines in LPS-
stimulated RAW264.7 cells through blocking NF-«B translo-
cation. This result implies RV exerts anti-inflammatory
activity by regulating inflammatory responses mediated by
NF-xB pathway. Among active components of RV extract,
fisetin was found to be particularly effective in inhibiting the
inflammation parameters in activated macrophages. These
findings enhance our understanding of the effects of RV
extract on ACD. Here, we verified that RV had a therapeutic
advantage on DNFB-induced allergic contact dermatitis,
which might be related to its anti-inflammatory activity.

Conflict of Interests

The authors have no conflict of interests to declare.

Acknowledgments

This work was supported by the SMART Research Professor
Program of Konkuk University, Seoul, Korea. The authors
would like to thank Dr. Yoong Ho Lim, Jeong-won Choi, and
Sun mi Kim from Cell Activation Research Institute (CARI,
Seoul, Korea) for technical support.

References

[1] P. J. Coenraads and M. Gongalo, “Skin diseases with high
public health impact. Contact dermatitis,” European Journal of
Dermatology, vol. 17, no. 6, pp. 564-565, 2007.

[2] P. Saint-Mezard, M. Krasteva, C. Chavagnac et al.,, “Afferent
and efferent phases of allergic contact dermatitis (ACD) can
be induced after a single skin contact with haptens: evidence
using a mouse model of primary ACD,” Journal of Investigative
Dermatology, vol. 120, no. 4, pp. 641-647, 2003.

[3] A. V. Gorbachev and R. L. Fairchild, “CD4"CD25" regulatory
T cells utilize FasL as a mechanism to restrict DC priming

functions in cutaneous immune responses,” European Journal
of Immunology, vol. 40, no. 7, pp. 2006-2015, 2010.

[4] L.Rose, C. Schneider, C. Stock, T. M. Zollner, and W. D. Docke,
“Extended DNFB-induced contact hypersensitivity models
display characteristics of chronic inflammatory dermatoses,”
Experimental Dermatology, vol. 21, no. 1, pp. 25-31, 2012.

[5] T. J. Matos, C. B. Duarte, M. Gongalo, and M. C. Lopes,
“DNFB activates MAPKs and upregulates CD40 in skin-derived
dendritic cells,” Journal of Dermatological Science, vol. 39, no. 2,
pp. 113-123, 2005.

[6] S. S. Joo, D. Park, S. Shin et al, “Anti-allergic effects and
mechanisms of action of the ethanolic extract of Angelica
gigas in dinitrofluorobenzene-induced inflammation models,”
Environmental Toxicology and Pharmacology, vol. 30, no. 2, pp.
127-133, 2010.

[7] W. Choi, H. Jung, K. Kim et al., “Rhus verniciflua stokes against
advanced cancer: a perspective from the Korean Integrative
Cancer Center;” Journal of Biomedicine and Biotechnology, vol.
2012, Article ID 874276, 7 pages, 2012.

[8] Y. R. Lee, J. K. Hwang, H. W. Koh et al, “Sulfuretin, a
major flavonoid isolated from Rhus verniciflua, ameliorates
experimental arthritis in mice,” Life Sciences, vol. 90, no. 19-20,
pp. 799-807, 2012.



Evidence-Based Complementary and Alternative Medicine

[9] C. H. Jung, J. H. Kim, J. H. Chung et al., “Anti-inflammatory
effect of Rhus verniviflua Stokes by suppression of iNOS-
mediated Akt and ERK pathways: in-vitro and in-vivo studies,”
Journal of Pharmacy and Pharmacology, vol. 63, no. 5, pp. 679-
687, 2011.

[10] J. D. Lee, J. E. Huh, G. Jeon et al.,, “Flavonol-rich RVHxR
from Rhus verniciflua Stokes and its major compound fisetin
inhibits inflammation-related cytokines and angiogenic factor
in rheumatoid arthritic fibroblast-like synovial cells and in vivo
models,” International Immunopharmacology, vol. 9, no. 3, pp.
268-276, 2009.

[11] H. S. Jang, S. H. Kook, Y. O. Son et al., “Flavonoids purified
from Rhus verniciflua Stokes actively inhibit cell growth and
induce apoptosis in human osteosarcoma cells,” Biochimica et
Biophysica Acta, vol. 1726, no. 3, pp. 309-316, 2005.

[12] K. H. Yoo, S. J. Seo, K. Li, and C. K. Hong, “Ingestion of
Rhus chicken causing systemic contact dermatitis in a Korean
patient,” Clinical and Experimental Dermatology, vol. 35, no. 7,
pp. 756-758, 2010.

[13] K. Sapkota, S. Kim, S. E. Park, and S. J. Kim, “Detoxified extract
of Rhus verniciflua stokes inhibits rotenone-induced apoptosis
in human dopaminergic cells, SH-SY5Y,” Cellular and Molecular
Neurobiology, vol. 31, no. 2, pp. 213-223, 2011.

[14] E.S. Han, J. Y. Oh, and H. J. Park, “Cordyceps militaris extract
suppresses dextran sodium sulfate-induced acute colitis in mice
and production of inflammatory mediators from macrophages
and mast cells;” Journal of Ethnopharmacology, vol. 134, no. 3,
pp. 703-710, 2011.

(15] J. Y. Oh, W.S. Choi, C. H. Lee, and H. J. Park, “The ethyl acetate
extract of Cordyceps militaris inhibits IgE-mediated allergic
responses in mast cells and passive cutaneous anaphylaxis
reaction in mice;” Journal of Ethnopharmacology, vol. 135, no.
2, pp. 422-429, 2011

[16] K. Udaka, Y. Takeuchi, and H. Z. Movat, “Simple method for
quantitation of enhanced vascular permeability,” Proceedings of
the Society for Experimental Biology and Medicine, vol. 133, no.
4, pp. 1384-1387,1970.

[17] S. H. Jung, X. Sun, W. S. Ryu, and B. S. Yang, “Topical
administration of the pan-Src kinase inhibitors, dasatinib and
LCB 03-0110, prevents allergic contact dermatitis in mice,
British Journal of Dermatology, vol. 168, no. 1, pp. 112-119, 2012.

[18] S. C. Bischoff, “Role of mast cells in allergic and non-allergic
immune responses: comparison of human and murine data;’
Nature Reviews Immunology, vol. 7, no. 2, pp. 93-104, 2007.

(19] M. Dupasquier, P. Stoitzner, A. Van Oudenaren, N. Romani, and
P. J. M. Leenen, “Macrophages and dendritic cells constitute a
major subpopulation of cells in the mouse dermis,” Journal of
Investigative Dermatology, vol. 123, no. 5, pp. 876-879, 2004.

[20] A. Jash, H. K. Kwon, A. Sahoo et al., “Topical application of
porcine placenta extract inhibits the progression of experimen-
tal contact hypersensitivity;,” Journal of Ethnopharmacology, vol.
133, no. 2, pp. 654-662, 2011.

[21] S.P. Choi, S. P. Kim, M. Y. Kang, S. H. Nam, and M. Friedman,
“Protective effects of black rice bran against chemically-induced
inflammation of mouse skin,” Journal of Agricultural and Food
Chemistry, vol. 58, no. 18, pp. 10007-10015, 2010.

[22] B. Wang, C. Feliciani, I. Freed, Q. Cai, and D. N. Sauder,
“Insights into molecular mechanisms of contact hypersensitiv-
ity gained from gene knockout studies;” Journal of Leukocyte
Biology, vol. 70, no. 2, pp. 185-191, 2001.

[23] H. J. Park, E. S. Han, D. K. Park, C. Lee, and K. W. Lee, “An
extract of Phellinus linteus grown on germinated brown rice

(26]

[27]

(31]

1

inhibits inflammation markers in RAW264.7 macrophages by
suppressing inflammatory cytokines, chemokines, and media-
tors and up-regulating antioxidant activity;” Journal of Medicinal
Food, vol. 13, no. 6, pp. 1468-1477, 2010.

M. H. Hong, J. H. Kim, S. Y. Lee et al., “Early antiallergic
inflammatory effects of Rhus verniciflua stokes on human mast
cells;” Phytotherapy Research, vol. 24, no. 2, pp. 288-294, 2010.
A. Brunyanszki, C. Hegedus, M. Szanto et al., “Genetic abla-
tion of PARP-1 protects against oxazolone-induced contact
hypersensitivity by modulating oxidative stress,” Journal of
Investigative Dermatology, vol. 130, no. 11, pp. 2629-2637, 2010.
M. Pasparakis, L. Alexopoulou, V. Episkopou, and G. Kollias,
“Immune and inflammatory responses in TNFa-deficient mice:
a critical requirement for TNF« in the formation of primary B
cell follicles, follicular dendritic cell networks and germinal cen-
ters, and in the maturation of the humoral immune response,”
Journal of Experimental Medicine, vol. 184, no. 4, pp. 13971411,
1996.

X.Y. Yuan, W. Liu, P. Zhang, R. Y. Wang, and J. Y. Guo, “Effects
and mechanisms of aloperine on 2, 4-dinitrofluorobenzene-
induced allergic contact dermatitis in BALB/c mice,” European
Journal of Pharmacology, vol. 629, no. 1-3, pp. 147-152, 2010.

S. Ghosh and M. Karin, “Missing pieces in the NF-«B puzzle,”
Cell, vol. 109, no. 2, pp. S81-596, 2002.

P. A. Baeuerle, “Pro-inflammatory signaling: last pieces in the
NEF-kappaB puzzle?” Current Biology, vol. 8, no. 1, pp. 19-22,
1998.

Y. Suh, E. Afaq, J.J. Johnson, and H. Mukhtar, “A plant flavonoid
fisetin induces apoptosis in colon cancer cells by inhibition
of COX2 and Wnt/EGFR/NF-«B-signaling pathways,” Carcino-
genesis, vol. 30, no. 2, pp. 300-307, 2009.

A. Hanneken, F. E Lin, J. Johnson, and P. Maher, “Flavonoids
protect human retinal pigment epithelial cells from oxidative-
stress-induced death,” Investigative Ophthalmology and Visual
Science, vol. 47, no. 7, pp. 3164-3177, 2006.

E Y. Goh, N. Upton, S. P. Guan et al., “Fisetin, a bioactive
flavonol, attenuates allergic airway inflammation through neg-
ative regulation of NF-kappa B, European Journal of Pharma-
cology, vol. 679, no. 1-3, pp. 109-116, 2012.



